Abstract
INTRODUCTION
Drug use is a public health problem with increasing trends in Mexico [1] [2] [3] where only tobacco and alcohol products are legally available while other drugs such as marijuana (except the recently legalized medical marijuana) [4] , cocaine, heroin, methamphetamines, and synthetic drugs of abuse are not. In fact, although the 2016-2017 National Drug, Alcohol and Tobacco Consumption Survey may not provide an accurate comparison with previous surveys on account of the modified methodology [3] , according to the National Addiction Surveys (Encuesta Nacional de Adicciones, ENA) [1, 2] , the prevalence of cocaine and marijuana use almost doubled in the past decade. More specifically, in 2012, 43% of the individuals between the ages of 12-25 reported being exposed to drug use, among them half experimented with drugs, and 13% used drugs frequently [1, 2] . In spite of recent efforts to provide up-to-date epidemiologic information, since 1991 there has not been a published regional or state drug abuse survey performed in Jalisco, a state in the West Central Region of Mexico with a population of over 8 million. The most recent available information from the Mexican National Survey from 2016 estimated that 15.3% of the 12-to 65-year-old population in Jalisco had never used drugs [3] . Among youths of high school age, the ENA estimated that 2.7% of males and 1.1 % of females have used illegal drugs [2] . However, these figures may not apply directly to Jalisco given the significant heterogeneity within this particular region.
To the extent that drug use differs across rural/urban areas in Mexico [5] [6] [7] , pooled drug use estimates for the region may mask important within-region differences.
Interest in drug use trends in the State of Jalisco is warranted in light of its large population and a very strategic geo-politic location as a narcotic production enclave and a route for drug trafficking directed to the United States [8] . Jalisco is also a large contributor of documented and undocumented workers to the United States, many of which make frequent roundtrips [9] . In addition, drug use may correlate with other risk behaviors that increase the risk of HIV/ AIDS, viral hepatitis, and other sexually transmitted infections [10, 11] . Therefore, it is important to recognize that health profiles and risk behaviors in one region, and even a sub-region, may have consequences in many other regions in spite of geographic, language, cultural, and legal barriers.
Surveys are one of the main sources of information to understand the nature and extent of drug abuse in different populations, and they support evidenceinformed development of policies and practice guidelines [12] . Thus, in this study, we sought to improve on the few existing studies about treatment needs for drug abuse among youths in Mexico. Hence, the aim of this study was to investigate the prevalence of substance use and associated factors amongst high school students from the Mexican West-Central State of Jalisco, to identify treatment and prevention needs, and to explore the association between drug involvement and selected psychosocial covariates. We conducted the first survey representative of Jalisco's sub-regions performed in the 21 st century.
MATERIALs AND METHODs
Data were collected through a cross-sectional survey using a multi-stage, random sample of high school students, from 10 geo-political sub-regions in the State of Jalisco, Mexico. A total of 25 public high schools participated in the survey. The mean number of students per school was 524 with a maximum of 2242 and a minimum of 132 (the sample included regional high schools and smaller high school "modules"). The universe included 24699 students and a final sample of 2832 students participated. The project was approved by the University of Guadalajara's Research Committee of the Health Sciences Center. We obtained authorization from the principal of each participating high school, and no school refused to participate in the study. The inclusion criteria were regular attendance in the participating school and consenting to participate in the study. Irregular students and students who did not complete the survey were excluded. At the time of the survey, students were informed that their participation was voluntary and they could choose not to participate in the survey without any penalties. Almost all of the students consented to participate in the study (only 4 refused). Data confidentiality and anonymity were explained twice; once in their classroom at the time of randomization, and once in the auditorium where all participants were gathered.
Procedures
We used a self-administered, school-based paperand-pencil anonymous questionnaire. In each school, the survey was conducted in one day, and it was administered by the principal investigator and members of the research team. The survey was administered at the school's auditoriums. To assure and preserve confidentiality, no teachers or school staff members were allowed to be present in the auditorium at the time of the application, nor were they allowed to see the completed questionnaires. The questionnaires were scanned with an optical reader which recorded filled or blank dots.
Measures used
Students completed the abbreviated Spanish version of the drug use screening inventory (DUSI) for youth developed by Tarter [13] and further adapted for the Mexican population by Diaz et al [14] . The abbreviated DUSI-RM includes 95 yes/no questions assessing the 10 domains of drug and alcohol use, psychiatric disorders, health status, behavior patterns, school performance, family system, peer relationships, social competence, work adjustment, and leisure/recreation. Of particular interest for the present analyses is the substance abuse domain which assesses the type and substance use on the day of the survey, as well as the past week, month, year, and before then. In addition, the survey questionnaire includes questions on demographics such as age, gender, high school grade, occupation, family income, school shift, and school location (urban vs rural).
As with the original DUSI and other adaptations for Latin American countries [15] , the DUSI-RM in this sample had good to excellent reliability, with a 0.79 Chronbach's alpha coefficient for the overall instrument and domain-specific scores [16] ranging from 0.57 to 0.80. Due to non-normality of the data, each participant's domain-specific scores were recoded into three levels to contrast the bottom two deciles (No Problem) from the six subsequent deciles (Low Problem), and the highest two deciles (High Problem).
Statistical analysis
After exploratory data analyses to check for variable distribution and data preparation for multivariate analyses, logistic regression models were used to estimate the association of each DUSI-RM domain with tobacco use, alcohol use, as well as marijuana and cocaine use, while controlling for age, sex, and socioeconomic status (SES). The analyses were done with STATA version 10.0 (STATA Corp, College Station, TX, United States), and they accommodated the complex survey design with attention to unequal selection probabilities and clustering of participants within schools [17] . Table 1 summarizes results regarding drug involvement in the surveyed sample. More than half of the students (55.8%) had never used tobacco, one in five (20.2%) had smoked it in the past year, and about (6.8%) had ever used an illegal drug, the majority of them within the past year. Table 2 provides data on sample characteristics and rates of past year use of tobacco, alcohol, and illicit drugs based on age, sex, working status, and DUSI domains. The age range of the participants was 14 to 22 years, and most (83.7%) were 16 years of age or older; 52% were female, and 48% were male. About a third of the students (30.5%) had a part-time or full-time job. The overall percentage distribution of students by DUSI-problem area score conformed to the expected 20% for the top scores (high problem), one in four (24%) had used tobacco at some time more than a year before. Also, more than half (57.0%) stated they had never gotten drunk, one third (35.0%) had experienced it in the past year, and an additional 8% had gotten drunk at some time more than a year before. In total, 7.5% of the students reported to have used marijuana on at least one occasion, and 4.4% had used it in the past year. A similar proportion of students had a history of cocaine use, and 4.8% had used in the past year. Although there can be much overlapping between marijuana and cocaine use, it is important to note that close to one in 15 students Results of the bivariate analyses for smoking tobacco in the past year are presented in columns 3 to 5 of Table 2 . No statistically significant difference was observed based on age, but the rate was higher among males compared to females (24.5% vs 16.3% respectively; P < 0.001), and among youth who studied and worked, compared to those who did not (24.1% vs 18.5%, respectively; P < 0.02). The rate of smoking in the past year was also higher in the student population with the top 20% scores in DUSI problem areas compared to those with lower scores (P < 0.001).
REsULTs
As presented in columns 6 to 8 of Table 2 , an estimated 35% of the students reported alcohol consumption within the past-year, and the rate was higher among older students (those 16 and older, 37.2%), males (42.4%), and those with higher DUSI scores, except the "Social Competence" domain.
Results in terms of illegal drug use (mainly marijuana or cocaine) are summarized in the last three columns of Table 2 . The overall prevalence of past-year illegal drug use (mainly marijuana or cocaine), was 6.8%. Similar to tobacco and alcohol use, the prevalence of illicit drug use was higher in older students compared to younger students (7.5% vs 3.7%, respectively, P = 0.005). The rates were also higher among males compared to their female counterparts (10.7% vs 3.2%, respectively, P < 0.001), those who worked and studied compared to those who did not (9.3% vs 5.8 %, respectively, P < 0.001), and those with higher DUSI scores (P < 0.001) in most problem areas.
Multivariate analyses were conducted to examine the association between different DUSI domains with past year tobacco, alcohol, and drug use while controlling for participants' socio-demographic characteristics. Table 3 summarizes the results, Campollo O et al . Factors associated with drug use including adjusted odds ratios (aOR) and 95%CI. Past year tobacco use showed no statistically significant association with age, gender, or employment status. However, the odds were higher among students who had the top 20% scores in the DUSI problem areas, specifically on "Behavioral Pattern" (aOR = 2.62); "Social Competence" (aOR = 3.00); "Family System" (aOR = 1.53); "School Adjustment" (aOR = 3.51); "Peer Relationships" (aOR = 2.47) and "Leisure/Recreation" (aOR = 1.72) ( Table 3 ). An association with tobacco smoking in the past year was also observed for the group with intermediate scores (i.e., the 20-80 percentiles grouped together) in certain DUSI problem areas, such as "Behavioral Patterns" (aOR = 1.63); "Social Competence" (aOR = 1.86); "School Adjustment" (aOR = 1.80); and "Peer Relationships" (aOR = 1.90). On the other hand, an inverse association was observed between smoking in the past year and the students with top 20% scores on the "Psychiatric Disorder" domain (aOR = 0.89).
In terms of binge drinking in the past year, students who were 16 years and younger had about half the odds compared to older students (aOR = 0.56; 95%CI: 0.46-0.69; P < 0.001), and odds were higher in males than females (aOR = 1.61; 95%CI: 1.36-1.91; P < 0.001) ( Table 3) . Those employed had lower odds of alcohol consumption during the past year, albeit with borderline statistical significance (aOR = 0.81; 95%CI: 0.66-1.01; P = 0.058). The odds were also higher for students with the highest scores in the DUSI problem areas. Students who had the top 20% of scores on most DUSI domains had consistently higher odds of alcohol consumption in the past year compared to those in the lowest 20%; the domains included "Behavioral Pattern" (aOR = 2.34); "Social Competence" (aOR = 2.40); "Family System" (aOR = 2.75), "School Adjustment" (aOR = 3.25), "Peer Relationships" (aOR = 2.01), and "Leisure/Recreation" (aOR = 2.12). With somewhat attenuated associations, participants who scored within higher than 20% and lower than 80% in most domains, had higher odds of past year´s alcohol use compared to those who scored within the bottom 20%. For example, for students with intermediate scores in "Behavioral Pattern", the odds of past year drinking were about 1.5 times higher (aOR = 1.43; 95%CI: 1.09-1.88; P = 0.012), and so forth.
The last three columns of Table 3 convey the estimated association between past-year illegal drug use and DUSI psychosocial covariates, adjusted for all variables shown in the table. Younger students had lower odds of drug use than older students (aOR = 0.56; 95%CI: 0.34-0.90; P = 0.02). Males were estimated to have twice the odds of past-year drug use than females (aOR = 2.28; 95%CI: 1.44-3.61; P = 0.001). Most DUSI problem areas showed that students with higher scores had higher odds of illegal drug use than those with lower scores; these domains included "Behavioral Patterns" (aOR = 3.11; 95%CI: 1.51-6.40; P = 0.004); "Social Competence" (aOR = 2.93; 95%CI: 1.53-5.65; P = 0.003); "Family System" (aOR = 2.29; 95%CI: 1.29-4.06; P = 0.007); "School Adjustment" (aOR = 4.77; 95%CI: 1.65-13.78; P = 0.006); "Peer Relationships" (aOR = 11.53; 95%CI: 2.80-47.44; P = 0.002); and "Leisure/Recreation" (aOR = 2.43; 95%CI: 1.21-4.87; P = 0.015).
DIsCUssION
The DUSI has been used to measure the severity of problems in 10 different domains to allow identification of drug use problem areas and their relationship with psycho-social adjustment [13, 18] . The main findings of the present study demonstrate higher rates of tobacco (20.2%), alcohol (35%), and illegal drug use (6.8%) among high school adolescents in Jalisco, Mexico, compared to national rates reported by the ENA in 2002 (10.1%, 25.7%, and 4.6%, respectively), 2008 (alcohol 26.6%, illegal drugs 5.2%), and in 2012 (16%, 14.5%, and 1.6, respectively) [1, 2, 19] . Compared to studies conducted in Mexico city with a similar research design to the present study, our findings are similar to those reported for tobacco (22.8%), alcohol (35.2%), and marijuana (3.95%) in high school students [20] . The lifetime rate of cocaine use was higher than expected in this population (7.5%) and higher than the 1.6%-4.0% rates in comparable Mexico City surveys [20, 21] . This higher rate of cocaine use may indicate that the epidemiologic situation is changing and new patterns of drug use in Mexico are rising, which may be creating new treatment needs and complexities. The high combined rates of marijuana and cocaine use demonstrate a critical problem with illegal drug use in Jalisco's high schools, which add to the already high rate of binge drinking in this population.
There has been an increasing trend in drug use in Mexico [3, 22] . Reasons for this increase may be multi-factorial including the transition from a mainly trafficking country to a user country [21, 23, 24] , as well as the increased use of addictive "legal" substances, such as alcohol and tobacco, by youth. Therefore, it is important to understand the psychological and sociodemographic profile of youth at risk of developing substance use disorder in order to propose and develop effective local treatment and prevention interventions.
In this study, older age was significantly associated with past year use of alcohol, which is consistent with other studies [25] [26] [27] [28] . This may mean that older students in Jalisco also face a higher risk of alcohol-related consequences (e.g., aggression, unprotected sexual activities, etc.) compared to younger students [21, 28] . Smoking among young people in Mexico increased from 10.1% in 2002 to 14.9% in 2008, and to 16% in 2012 [1, 2, 19] . This evidence calls for targeted schoolbased preventive interventions, along with better enforcement of regulatory measures, which has been recognized as a weak point in public health Campollo O et al . Factors associated with drug use policy [30] . The results showed no age differences in the past year use of tobacco. This is problematic because it may be due to one or a combination of the following possibilities: (1) Youths are experimenting tobacco at younger ages; (2) those who initiate may be transitioning faster to regular tobacco use; (3) starting younger students may be finding it harder to quit. Each of these possibilities would require further investigation. In addition, it is important to note that these students are still within the age range with highest risk for experimenting or becoming a regular tobacco user, which highlights the importance of prevention and cessation interventions [31] . Gender was found to be an important factor associated with higher odds of alcohol and illegal drug use, but not the use of tobacco products (Table 3) , which is not consistent with findings from other studies [26, 27, 32, 33] . Replication of these findings and future research is needed to understand if there have been changes in cultural norms that have protected women from being exposed to opportunities to use tobacco (and other drugs) [34, 35] . The psychosocial factors explored in this study were found to be associated with the outcome measures in most of the domains. The predictive values and validity of the DUSI have been well documented in prior reports [13, 18, 36, 37] . Consistent with other research, higher scores in the subscale measuring problems of Behavior Pattern (aggressiveness and impulsivity) were found to be associated with substance use and could serve as a tool for screening, early detection, and intervention design [26, 27, [38] [39] [40] [41] . Higher scores in the subscale of Psychiatric Disorders were also associated with drug involvement. The utility of the DUSI for implicating current psychiatric diagnosis in adolescents has been demonstrated [42] . In prior research, individuals with behavior and affection problems were estimated to be at a greater risk of using illegal drugs [32, 38, 39] . In the present study, the bivariate analyses showed an association between "Psychiatric disorders" and both past-year smoking and alcohol use, but even with this large sample size, the study lacked sufficient statistical power to detect associations with pastyear substance abuse. We could not find a significant association between this domain and past year use of any substances in the multivariate analyses either, but this could be due to the strong correlation between psychiatric disorders and the other DUSI domains simultaneously controlled for in the analysis, in addition to the relatively low statistical power. Of note is that there may be a misclassification of problem substance use disorders for up to 28% of the cases, which may as well bias the estimates towards the null hypothesis [13] . Another explanation could be related to neurobehavioral disinhibition as explained by indicators of executive cognitive functioning, emotion regulation, and behavior control [43] , which we did not explore in this study. It has also been reported that the correlates from the psychiatric domain have not been able to differentiate between experimenters and users [44] , which could be another possibility in our study.
Nevertheless, the findings highlight the importance of detecting mental health problems earlier and referring cases for specialized care [26] . In this study, consistent with previous research, problems with "Family System" were associated with higher odds of using tobacco, alcohol, and illegal drugs. Family factors have been demonstrated to influence drug and substance use particularly at younger ages [27] . Family issues are major risk factors to the overall health among children and adolescents, and they include parental adjustment problems, inadequate parental communication and affection, negative family interaction patterns, and poor relationship or weak parent-child bonding [26, [38] [39] [40] [41] . On the other hand, family factors such as family attention, parental monitoring, and living in a two-parent household can also act as resilient factors [25, 32, 45] . The subscale on "Social Competence" measures problems in areas such as social skills, assertiveness, and social interaction. In this study, participants with the highest scores in "Social competence" problems had higher odds of substance use. However, the opposite has also been observed by other researchers: those with stronger social competence skills had lower risks of alcohol use [40] . These factors are important internal resources and can inform preventive interventions that specifically support those students in greater need.
The relationship between the use of substances such as tobacco products, alcohol, and illegal drugs and health problems is well documented [26, 46] . Tobacco is the leading cause of death globally, killing almost 480000 individuals every year in the United States alone [47] . There is evidence of higher likelihood of disease and more severe addiction among those with early initiation of substance use [25, 28, 38] . Programs that include school-based interventions have been shown to reduce tobacco use amongst youths and subsequently decrease the burden of diseases [48] .
Using alcohol and illegal drugs have severe social implications as well, including violence, absenteeism, poor academic performance, crime, and family disruptions [16, 38, 39, 49] . The social consequences increase with the level of abuse and addiction [50, 51] . Therefore, early identification and treatment of students with substance abuse will have greater impact on the individual lives, families, schools, and society. Control and prevention of drug use could be achieved using standardized screening instruments to identify those students with treatment needs and those with higher risk of getting involved with substances, followed by school-based interventions [52] . However, interventions should be coordinated among different providers such as the National Prevention Program based on Clinics for the Attention and Prevention of Addictions and other organizations like the education department with its Safe School program [53] , in close collaboration with families and the surrounding community. Finally, Campollo O et al . Factors associated with drug use environmental interventions have proven to be very effective in reducing the risk of substance use. Some examples include enforcing age restrictions for sale and consumption to limit the access to and reduce the use of alcohol and tobacco products among high school students and correcting the exaggerated perception of normative values for using substances by peers [54] to mention a few. Intervening through social networks, especially in partnership with student leaders, may be a promising approach in promoting healthy behaviors by influencing the social norms and reducing peer pressure in high schools [55] . Mexico is a large and populous country, and there are stark regional differences (i.e., North, Central, and South). Those differences are particularly evident in terms of the epidemiology and prevalence of drug use. Jalisco is one of the largest and most resourceful states in Mexico, but generalizing the results from the present study to other States should be done with caution. Another limitation of this study is that we only included youths at school, and there is an important segment of the youth population with no school access or attendance. Also, we are aware of the limitations of a cross-sectional study in terms of looking at "risk factors" as opposed to a longitudinal study. Nevertheless, data for the present analyses come from the first survey on drug use in the State of Jalisco in the 21 st century, which used a probability sampling and is representative of the high school population of the State of Jalisco. The data were collected using a standardized questionnaire that was adapted and tested for the Mexican population. One limitation of this questionnaire (DUSI-RM) is that it asks about the time of use, but it does not measure frequency or the amount of substance use, or in the case of tobacco, the number of cigarettes. It does, however explore the relation of psycho-social factors with drug or substance use. This study confirms trends of increasing prevalence of alcohol, tobacco, and illegal drug use among Mexican youths, with new patterns of drug use in Jalisco that may be creating new treatment needs. Drug use problems in Jalisco may be becoming more complex, requiring a set of prevention alternatives and control programs (as opposed to a one-fits-all approach). Appropriate interventions for both legal and illegal substances should be planned and executed accordingly. New prevention efforts are urgently needed to target youth at the early stages of drug use to stop or delay their further involvement. This is a new need as the proportion of new users is increasing.
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Research background
We sought to improve on the few existing studies about drug and substance abuse among high school students in Jalisco, Mexico; particularly its association with health, behavior and psychosocial problems in order to provide evidence for possible prevention and treatment needs. Jalisco is an important state in Mexico for its strategic geo-politic location as a narcotic production enclave and a route for drug trafficking directed to the United States, and also because it is a large contributor of documented and undocumented workers to that country. The socio-economic change from a from a production entity to a consumer one could be taking place.
Research motivation
There has not been a published regional or state drug abuse survey performed in Jalisco, a state in the West Central Region of Mexico, for more than a decade. The most recent available information comes from the Mexican National Survey. However, the figures may not apply directly to Jalisco given the significant heterogeneity within this particular region on the one hand and on the other, because of the limitations of the methodology utilized for the national surveys: household and, most frequently, indirect interviews.
Research objectives
The aim objectives were to investigate the prevalence of substance use and associated factors amongst high school students from the Mexican WestCentral State of Jalisco, to explore the association between drug involvement and selected psychosocial factors, and to identify treatment and prevention needs.
Research methods
We designed a cross-sectional survey using a multi-stage, random sample of 2832 high school students, from 25 public high schools distributed in 10 geopolitical sub-regions in the State of Jalisco, Mexico. The participants were given a paper-and-pencil survey based upon an adapted version of the drug use screening inventory (DUSI-RM). The DUSI showed adequate psychometric characteristics in this population. The statistical tests included multivariate analyses with logistic regression models to estimate the association of each DUSI-RM domain with the use of tobacco, alcohol, as well as marijuana and cocaine use, while controlling for age, sex, and socio-economic status. The analyses were done with STATA version 10.0 (STATA Corp, College Station, TX, United States).
Research results
An estimated 44% of the students had smoked tobacco and 35% of the students reported alcohol consumption within the past-year. The rate of alcohol use was higher among older students, males, and those with higher DUSI scores. By contrast, 6.8% of the students reported having used marijuana, cocaine, or both. Of all 10 DUSI domains behavioral problems, deviant peer affiliation, and troubled families were independently associated with drug use.
Research conclusions
The main findings of the present study demonstrate higher rates of tobacco, alcohol , and illegal drug use among high school students in Jalisco, Mexico, compared to national rates although similar to those reported for tobacco, alcohol, and marijuana in México city, the largest city in the country. Appropriate interventions for the use of both legal and illegal substances in young people should be planned and executed accordingly. New prevention efforts are urgently needed to target youth at the early stages of drug use to stop or delay their further involvement. These results suggest that there is an epidemiological transition in the prevalence and patterns of drug use in the state of Jalisco which could be influenced by geographical and economical factors like the local production of legal (alcohol) and illegal drugs (marijuana and methamphetamines). This is the first study representative of the West Central area in Mexico. These data corroborate national trends of increased prevalence of illegal drug use and, in some cases (cocaine), even higher rates. The results however, are similar to those from studies conducted in Mexico city, the largest city in the country. Some areas of the country, like Jalisco, may be changing from a predominantly productive area to a mixed productive-consumer area. We conducted a study in an area with a relatively high production of illegal drugs (marijuana and synthetic drugs) and obtained results of higher use rates than the national surveys and comparable to those obtained in the largest urban area of the country (Mexico city). Similar studies should be conducted in other high and low production areas to investigate the influence of production factors on drug use prevalence. With this study we could confirm the hypothesis that the prevalence of drug use in the State of Jalisco was higher than that reported
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Campollo O et al . Factors associated with drug use in national surveys. One of the reasons for those differences could me in the methods employed confidential direct anonymous questionnaires in this case compared to home indirect interviews in the national surveys. The methodology used for designing and conducting drug and substance use national surveys should be improved.
Research perspectives
We suggest that epidemiological studies by independent researchers with upto-date methodology, similar to the one presented herein should be conducted in other Mexican states independently from official national surveys.
